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Importance of arachidonic acid as a mediator of parathyroid Ca are becoming increasingly more understood. Ca mod-
gland response. The intracellular signaling mechanisms that me- ulates parathyroid function by acting on a G protein-
diate the regulation of parathyroid hormone (PTH) secretion by coupled calcium-sensing receptor (CaR) [3, 4]. This
parathyroid glands are becoming increasingly more understood. effector system includes the hydrolysis of membrane phos-Extracellular calcium modulates parathyroid function by acting
pholipids by phospholipase C (PLC), phospholipase Don a G protein-coupled calcium-sensing receptor, which activates
(PLD), and PLA2 to generate the appropriate intracellu-the hydrolysis of membrane phospholipids by phospholipases
C, D, and A2 to generate intracellular signals. Arachidonic acid lar signals [5–7].
(AA) produced by phospholiphase A2 (PLA2) appears to play Activation of the CaR by high Ca triggers the activa-
a crucial role throughout the generation of downstream-oxygen- tion of the Gq/11-protein-dependent PLC, causing the
ated products. Recent studies demonstrate the activation of the breakdown of phosphatidyl inositol 4,5 biphosphate with
PLA2 via an intracellular calcium increase, and that the eleva- the generation of inositol triphosphate (IP3), diacylglyc-tion of cytosolic calcium also overcomes the repressive effect
erol (DG), and phosphatidic acid (PA), and promotingof high extracellular phosphate on AA production. Further-
a rapid elevation of cytosolic calcium, which is sustainedmore, a role of the mitogen-activated protein (MAP) kinase
cascade has also been documented in PLA2 activation. by the release of calcium from intracellular stores [3, 8].
Both IP3 and DG serve as intracellular calcium messen-
gers; PA is a substrate of PLA2, a calcium-dependent
lipase that releases free AA.Arachidonic acid (AA) is a bioactive molecule which
Bourdeau et al [5] first investigated the involvementappears to play a pivotal role in the regulation of many
of PLA2-derived AA and its metabolites in the regula-cellular functions in the normal and pathologic state
tion of PTH secretion. These authors showed in vitrothrough the generation of downstream products by
that increasing extracellular calcium (Ca) concentrationscyclooxygenase I and/or II, lipooxygenase, or P450 path-
increased free AA release and decreased PTH secretion,ways; furthermore, recent observations in other cell types
and that exogenous addition of PLA2 and AA inhibitedassign a direct effect of AA as an activator of intracellular
PTH secretion in a dose-dependent manner (Fig. 1).targets without its further transformation into oxygen-
Bordeau et al [5, 6] also showed that the downstream-ated derivatives [1, 2]. AA produced by phospholipase
oxygenated products of AA, 12-, and 15-HETES, which
A2 (PLA2) has shown to be a mediator of the parathyroid are produced through the 12- and 15-LO pathway, are
gland response. potent inhibitors of PTH secretion. Furthermore, Kifor
et al [7] reported that the activation of the CaR by Ca
results in a PKC-mediated activation of PLD to generateINTRACELLULAR SIGNALS THAT MEDIATE
phosphatidylbutanol and PLA2 to release AA. The pre-PTH SECRETION
treatment of parathyroid cells with PKC activators stimu-
The release of parathyroid hormone (PTH) by para- lated the release of AA at low and high Ca, while PKC
thyroid glands is regulated by changes in extracellular inhibitors reduced AA release at high Ca to the level
calcium (Ca). High Ca suppresses PTH secretion and observed at low Ca alone.
low Ca stimulates hormone release. The intracellular
events that mediate the regulation of PTH secretion by
THE EFFECT OF HIGH PHOSPHATE
ON AA PRODUCTION
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Fig. 1. Effects of exogenous AA on porcine parathyroid cell secretion
(A). Cells were incubated in vitro with 0.5 m Ca and different concen-
trations of AA for 90 minutes, and PTH release was determined. One
hundred percent represents PTH secretion in cells incubated in 0.5 m
Ca (3.42  0.22 pg/g protein), and 0% is PTH secretion in cells
incubated in 2 m Ca (2.11 0.08 pg/g protein). Values are the mean
SE of three experiments, assayed in triplicate. Effects of exogenous
PLA2 on porcine parathyroid cell secretion incubated in vitro with 0.5 m
Ca, and different concentrations of PLA2 for 90 minutes on PTH release
was determined (B). One hundred percent represents PTH secretion
in cells incubated in 0.5 m Ca (3.25  0.11 pg/g protein), and 0% is
PTH secretion in cells incubated in 2m Ca (1.88 0.08 pg/g protein).
Values are the mean  SE of four experiments, assayed in triplicate.
Adapted from Bordeau et al [5].
failure. Phosphate (P) retention, in addition to hypocal-
cemia and a deficit of calcitriol, is an important factor
involved in the pathogenesis of renal hyperparathyroid-
ism. A major contribution to the knowledge of the role
of AA on parathyroid gland function has come from the
studying the direct effect of P on PTH secretion. Because
a high extracellular phosphate (P) concentration prevents
the normal inhibition of PTH secretion by high calcium
[9–11], a number of in vitro studies were performed to
determine whether AA was involved in the modulation
of PTH secretion by high phosphate. In glands incubated
with high extracellular P and Ca, the addition of AA
Fig. 2. AA production by dog parathyroid tissue incubated with highto the culture resulted in the restoration of the normal
(A) or low (B) calcium (Ca) concentration. Experiments were per-
inhibition of PTH secretion [9]. The measurement of formed with 1 or 4 m phosphate (P) concentration, with or without
addition of 10 m ionophore (A23187) or 1 m thapsigargin. Values areAA production showed that the stimulatory effect of
mean  SEM (N  6 for the thapsigargin groups, N  10 for the otherphosphate on PTH secretion was associated with a de- groups). * P 0.05 vs. all other columns in A. ** P 0.05 vs. ionophore
crease in AA synthesis; however, the addition of exoge- and thapsigargin groups in B. Adapted from Almaden et al [14].
nous PLA2 to the same concentrations that induced a
dose-dependent inhibition of PTH secretion in the low
calcium medium [5] did not reduce the increased PTH As shown in Figure 2, the elevation of Cai induced by
secretion induced by high phosphate [12]. both ionophore A23187 and thapsigargin, which increase
the calcium influx across the cell membrane and through
the release of calcium from intracellular stores, respec-
REGULATION OF AA PRODUCTION BY
tively [15, 16], stimulated AA production and was associ-
INTRACELLULAR CALCIUM ated with a decrease in PTH secretion. An inhibition of
In other cells, PLA2 activity is dependent on intracellu- PTH secretion by the ionophore has been described by
lar calcium levels (Cai) [13]. In parathyroid cells the other authors [17–19]; our results demonstrate that an
Cai level increases in response to the calcium receptor- increase in cytosolic calcium activates PLA2, which sug-
dependent PLC activation [3, 4, 8]. Thus, in a recent gests that PLC may stimulate PLA2 via intracellular cal-
study we evaluated whether, in parathyroid cells, AA cium increase. The precise mechanisms by which high
intracellular calcium stimulates PLA2 activity in para-production is stimulated by an increase in Cai levels [14].
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thyroid cells are not completely clear. It would be a may help to provide new insight in the understanding of
direct effect, as PLA2 is known to be a calcium-depen- the function of the parathyroid CaR, a preferred target
dent enzyme. However, a recent work by Kifor et al for therapy in the secondary hyperparathyroidism.
[20] documented a role of the mitogen-activated protein
(MAP) kinase cascade in the activation of the PLA2 ACKNOWLEDGMENTS
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